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(57) Abstract: 




PURPOSE: A fabrication 
method of a capacitor having 
a tantalum(Ta205) dielectric 
film is provided to simplify a 
\o\N temperature oxidation and 
a high temperature annealing 
process for curing of a Ta205 
film. 

CONSTITUTION: A lower 
electroded 10) is formed on a 
semiconductor substrate 
(100). A tantalum oxide 
(Ta205) film is formed on the 
lower electroded 1 0). A low 
temperature oxidation 
process is firstly performed 
under an ozone atmosphere 
for curing the tantalum oxide 
film. For crystallizing the 
tantalum oxide film, a high 
temperature annealing 
process is carried out, 
thereby forming a tantalum 
oxide(Ta205) dielectric film 
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(120a) is formed. At this time, 
the low temperature oxidation and the high temperature annealing processes are 
performed by in-situ in same process chamber. 
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^706S 



m xHai^(process chamber) LH01IAH oj A! ^ ( i n-st tu)g ly^^ ^ Si^XII :i:X^2J 

^011 ^a^o^ :?hais^q. ^ ^^gon dimME\ x-iis ^^soiiah^ :?i^^^^oii 

□ . 1^^:?! af^ ?t01l TaA^'M ^^thCK ^^9^011 S^Exll XHxIi,^ ^ 

9J6^04 ^£ 51£l^ ^aiOfllM ^d!t! xHdl^' LH0IIA1 Ja^O^^m 2^ ^ ^1 :> I qKHI Ai Ta^Os^ ^1! 

m S£ OlSfo) Oiy^jS^Oj ^^l Ta^OB^^M ^0^^^^D. ^^J\ x^^\^ LH01IAH ^^:'| Oiy^' B?1I2I 

OJAI^^ ^Ol Ta.O,^^^ TapOsHJ il § £^ B£ 01^^91 SE^ ^xidlSfOI Ja^O.^m ^ S SUIgJ D . 

Ta^o. ^2^^ m^m ^oiii b:^ii ^ e^ie i^s^^ ai sioiAH aiH^ 321 ^oim 3s^m::>i 
u LH°i 5^mfe ^^sog ?iiotEH°i ejSAi?jcL 



e :)H^^^s UEftH #B^S£(i8EBiriimi§)oia. 

£ 2^ ^ ^^SOil CDS 91iiHAIEI g>^SOil>M TajOsSt^i XH^ 0^y g§ §J US ^xH£l SSOIl/d 
21 ?IIOIiH SE UBy £20ID. 

£E 3g e ^^SOII CaS ^DHAIEH ^^SOll dl^M ^01 ^IfOll a>e ^IO|EH£| g£ ^ 

sfe UEftH naHHoiu. 
mm u£ft« zi£HHoia. 

£ 5a LHXI £ 5ffe ^ ^^S2j \^\^^^ ^'AlOIIOil QEf^ ^IHAIEI Jiij^ BS£MOI 

a. 

£ 6a £ 6b^ S ^^§21 iJ^AIOIiOl! a^e ^^SOil rrf£[ eiEM 5121 ^0| ^IfM Ojgmoi Ta205^^S 
^ ^B\m UEfLH^ £^01CK 

£ 7S s «hgo| ^^AioiKHi a>M ^^soii x^^\^ m2i 2.^^21 ^ifM oigmoi lasOseis 
£ 8S e ^^goii WE ^^aoii 2imoi Jii^s 3iiiHAi6i2i eeH2j «^soii sjskm 
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12: X^^\^, 14: Xi%' ^^XW, 31: :6E1I0|I|. 75: ^\^^ ffi . 

100: ^\^. 110: 2^. 112: ^' ai ^ 

120: Ta205^^ 120a: TbjOs ^^9,^ 124: 2^ ^^IPl. 

126: :)\^. 130: S^. 

g ^^SB ^^£x^l Dliea! ^X^^l ^-IEHAIE-I his ^^SOII ^61 TajOs ^S^^l iii,^3^^ 5-1 EH 

1 :?t:'ldl^(Giga bit) 0|fe^2| XlAilOi IJ^£ DRAMg ^^^9.^ki H^^Ml ^ AH ^'g 

sDl gOlt! Ta.O.^^OII CH§^ 2^ ?H^^OI Ol^OIXIIQ °[D. TaA^'M ^§?iAI5i:?l ^otOI^ LH^^ 

§^ xH^^i <y^ji^ c^Mo^ m^m 5joi oh^ ^eaFD. ^^j^^^. 

Ta,05^^g ^ CVO(Chemical Vapor Deposition) ^^^^ ^^^6^X1°!. r:::::::^ :'f:^^AH Ta(OC:HO:£r 0;^ A^ 

ttH^oii 18205^^ LHOii c SE^ M^^oi ^:^oiA-i 2^21 sm:?^ ^U. S£e^. ^ 

21 18205^1^ d!§g(afiiorphous) ^^EHOiAH °l^0l UH«:?I ffH^Oil DH¥ BCH. 6^4r2f2^ 

^0! °^5F01 ^CK 

Ta205^^0{|A1Sj ^Om il^^A13i:?l ?I6^01. g^^^^^ TaaOs^^M ^^§[ ^ XH^ 

6^5[ Oiy SSS |H§,^o^AM TaaOs^' Ul£l t^dii e#6^0i TagOs^^S ^01il6HI. 3 ^ 

§o^AH ^?i:?IOI1AH Z!S ^XH£IM ^ofOl Ta2059^e ^§5fA|9IIl TasOs^' Ul°i M^PM^ IWDi^ 

CHb' ^§011 21th 18205^^21 ^Oliie O3 UV-O3S OlgmOl IgoiQ. 01 ttH2} ^CH^' 

Oii^fU^^ De][If ^^P. ^. 03:?^ UV2J 5AK)1I 2|8h01 0.2} 6.^^ ^^Xfoj 0^ ^^13^. 

iii^^: &^^x^:^^ la^Os^^ LH^ ii^moi Ta2j ^ei) "^m ^txioii ^t^sp. uv-03 oiy 

S£OI|AH |H6^EN, O3 Oil 2i5[ ^(>ii.i ^^0^X|:Q. ^lyOll 2io[ ^OlliOl O3 SE^ 

UV-OaOII 2le^ X^ g 6^tt Oiy Ta205^^e xHgSF^ SH Al EH 01! AH m^m :fW^M 

^\iix\ ^oiHM. ^^21 s£oiiAH |H3f^ >ioj b^^^^'ahd. 1820521 ^ss^^ 

7201C ¥EOilAH 01^01X1^ ^9.^ 910. a>£fAH . Ta205^'21 ^ xH £1 SSS 

720"C 0l^^2i ^SOIIAH lySf^ 3:j01 df^^^a^CL 

UV-O3O11 1820521 m^m ^5: oi^^oiiAH lyaf^ TasOs^^s^ 2^11121 a^oioii 21 

m ^x-iioni 03 Oil 9\m ^o\^ m^n^m ^mot^ uv-OaOii 2iti oiy 1820521 isii 01 
moiiAi ssHXio^ mcB. 18205^^21 M^mm mm us ^xnei g§s TazOsSi ^sif s£ oi^^oiiai ^sh 

3&iU. e^^2| Xi^ D\m^^ SI £i( resistance heater)M xHg§^ ^bldlAlfe Pf^ §rxi21 :?^0I 

^^et^ B£ oh^ ^^\Q, ^st.^ TazOs^'Hi xis t^m g§ ^ i»B 

ai sse tsa^:?! ?imoi^ aiEH2i 18205^^21 xh^ ^^m o\m 5^21 ^§ ^s. oiim 
soot 01^21 ^xio^ ^. 18205^^21 ^xHaiM ^moi 720'c oi^^o^ ^BMd^o^ mo. o\m 
s§g ^la^oi g^^2j xii^ aiEHS xneeh ohs^ ^diM A^gah^ s^oiife g£ 

^ X: OH^ ^3. ai£H21 S£33^X| «Oil£ 61£-i2j S£:i^ 

2f9:7|3)FXI 4^^ ^21 Aj^^OI CH ^'Se^ BSOl SiQ. 

3011 caaf. e2H2i ::'i^oiiah^ 13205^^21 xis 6^1} oiy x^i^ aiEiM xHgth oh2^» ^di 

OllAI ISom. 3 g§2] 3& ^xHai n-iU^( furnace) ^EH2| ^£21 iftilM Olga^Oi ^B} 

01 02 oiy g^^os sismsa. 

3^CHI. e2H :?I^OilAH2f ^^0| mU^ §Eil2i ^^blM ojgmoi 3^ ^xHai g§e ^affe s 

^. UHUr^^ UIOilAH 182052] ISfi^OII Aj^^OI 30^-lAie> §£ 4^2301. 3 21^011 4: 

£13^ SEE SI h\Zmx\ i^2^8^^ TagOsSISI 3S gxHai S§01|o| S 4AI2} 01 ^^01 ± 

esiOl ¥&(thermal budoet)OI ^XI3, g§OI ^Si.^ ^ omai throughput ) ^SOIIAH 

£ Maim^D. 
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eom :^::¥^e i^^^Ai^ ^ 5i EH A! E-1 2.1 xii5 ^^m xii^m^ ^o\o . 

s^t^Q. m¥ 2^ ^ioii TaA^'M ^^£.^a. xHxit^ ^ sin x\m 

%X\m 9\t\0\ ^£ :::::£il0IX|g ^b|£[ X-idl^ LHOilAH TaaOs^^^ ^^1 6f Oil AH TsaOs 

21 B£ 0l6^°l o^^i!6^oj ^oi TazOs^iM ^oiiitJCL ^oi x\z\u LHOiiAH ^oi ajyn 

e^!21 oiAlW^ ^^:»1 TaoO.^^^ TaA^J Igm BSE 01^^21 ^xHdimoi TajOseig 1§£^A1 

PI J\^^\ r^£ilO|XI2[^ .K\Q\9.\ 3)1 Ell- ^ EI^M ^'01 ^ XI S CH 

XHEI^e OlgefEf. 0\D\k\, ^Olg t^:?1l^ ^SlIW Eil 01 XI ^ ^ Ei ±^ 0! 

^^:)i Ei^^ ^01 i^Eiioixi^^Ei riiS ^oi ^^ehoiiah mo\ii. 

^y<\^ ^^%\\ 0\^0\ ^Ol ^EIIOIXIS^ 26^£^ EIH^ SJOI >iEll0IXI ^1^ M#£IXi 

?*^^ ^^EHOllA-1 tytfCf. 

^0\^ B^l^ t^-iilOllAHSD U ^SSf e)ll01IAH2} ^^tl ^^^a^OIIAH 

^oiij B^i^ O3 UV-03 g^PiafoiiA-i lysiin. e:?iife O2. N2O. N2. Ar se^ He2] 

^^9iaK)l!AH |ye^□. 

^CHij B^IOllAH^ 650"C 018^^ ^X|£|£^ 6PI ^mO\ 

XI M^si^ ^^:>i EiH^ uioj ^ois ^mm ^ SiCL 

^^n\ j\^o\ ^61101X121 ssfji ^^EHOiiAS is6f:2. ^^:>i ^01^ e?ii^ ^oi &:^fioii 

AHSa CH 21^011 AH |«ShQ. 

01 OH, b^^^^'5MI~, ^Olij e:)^lfe 3 £^ 0ISJ21 g|^6K)l|AH tysfn. ^ss^ e?ii^ 5 - 

300 £^21 ?/^5fO||AH lytia. 

^o\^ e:?iioiiAH^ ^^x\\ D\^9\ ^^:)\ eso'c oia^^ ^xia£^ ^moi 

e ^^SOll 2imS, TaaOs ^S^^ ^le> ^Oii! B^l il B:4IS ISm^ LHI SiOlAH E|^^ & 

2j ^ois ^^6^:>iu xnai^ lh2i ^^5^^ ^^^af^ ?^ioiih2i ^^m:>ii ^sai^ 4^ $i 

a. Eel. Ta205^^2) XH 8 <l^§f CH^ ^§ ^ ^^2J HB ^xHEl e^§l xH El ^ LHOiiAH o\h\^^ 

SiiymH^. ^nHA|E12j 1^ gSOl B^aMI an, TaaOs ^2^^ SSOllAH 

^&(thermal budget)S mJ^t\y\ ^ a^lM 4^ 

6hS^^4Ta205^^)0ll Ciiel 6.^^ ^^:?IOIlAi2| IJB ^xH£l g§B. 3 S3f^ ^01X1^ ^^:)| TazOs^^ 

21 ^ssfdi 2imoi 13205^^21 ^MmiQ ^aee i^^^ai^ =4^ 21°°^, g^^io^ 7^^o^ m 

^ ^^soii (TfE ^HHAiEH ;tii^ ^^soiiAH^ 2^ ?ioii Ta205^^e ^. 2.^ ^?l:'la^ollAH 

73205^^21 m^m ^^6\D\ 9\m xhb ^ 13205^^21 ^^mm hb ^xnai sse xh 

m mam mmm^ e^^2i ohs^ ^oie A^§6^o^ mu2i xnai^cprocess chamber) lhoiiai 21 

Al^(in-situ)^ m^O. 

£ IB ^ ^AlOllOll 3HiIHA|EH ^^SOilAl Ta205^^e XHB <y§f Oiy ^ HB ^xHEim^ Gil 

^ 4^ :'iE2j xhei ^^xl2^ oiiAiti 5101a. £ ioiiah^ £3 :i^xH e3 ^^^^ 

^^tlAKTokyo Electron limited) JtllM2i CVD ^dlOli Si^S m^o\0\ £A1§! ^0\Q. 

£ lOllAi, xH£l^(process chamber )( 12) 2| fe^^OII^ 4^§2| xH£l xHai^(12) Uidl gSoPI 

^^^{2\)D\ oHxisoi ^^:>i 53¥(2i)oiife ?iioiiH(w)2^ □^i^6^^ xh^oii 

S(21a)0| ^^£jOi $i£Ot. OlSe Btm xH£i OfeH^ SSilP. 

^:)\ xHai^(i2)2i xi^oiife bH:?i5>(22)oi a^sioi aiiQ, gH(23)oii 2iaH xHei^(i2) ui^g ± 

§21 SS£^ ^X|A|^» ^ 

£tl. &OI XHEI^(12)2| XH^OII^ ^^:ii 0\± g^¥(21)2f Dli,^a^£^ 31101:^(13)^^ ^xlSOl 91 Q . 01 

?iioi>^(i3)^ □ ?ioii ?jioinH(w):?f xHxia^ ^eiioixiODM ^mx]\{32)m si,^tiQ. 

¥ ^ex^l(32) Uidl^ D^m ^B2} Xim ^^^xlKresistance heating body)(14):?f ^x|£101 9iQ . ^^J\ 

xi& ^^g»i(i4)fe ^£1101X1(31)21 b^s om ^xi£ioi aia. xim ^^^x^i(i4)oiife 2j^9\ s 
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)(l5a. 15b)01 S^£ICH . 0\m ^^^{)5a. 15b)E 5Hdl^'(12) £]^2J 

2^^(25)0{l S^£ICH J^m ^'MX\\{\A)0{\^ S£ Ml e3i M( thermocouple) ( 16)01 S 

^goi MiS5iM{i6)e £1^^ B£ x^la^^(62)0ll s^aoi siP. 

xHdi^'(i2)2i £1^011^ 51101:^(13) LH^g :'^^S ^iti 

S^5^(43)3f. ?{!0i^(i3) LH¥^^Ei gfe^ hh::'Iai5PI m^^ mD\^{u)o\ 

^xl£lo^ ?iu. s^5.K43)^^^Ei g^£!^ :?^^oii sjo^oi ?iioi>^{13) 

^ioi:^(i3)£i ^sx^i(32) LHoii^ ^:)\ g!Sxii{32)2i ^^^H^^Ei x^^mx\ s^sms^ 

H(73)0I ^^£!01 211). ij(ring) SaiOI^(74)011 HgSOl 3:?H^ 5!(75)0| 

°IQ. EIHM #21101^(74)^ d|H^ ^(76)^ gofOI :?l^(77)01l 2SS01 91U . 

£ 1S1 xH£l^(12)3f =^^m OHS^ ^blM 0lgo^01. XiE\^(]2) LHOilAH TaA^'^ 

SgS^Oi ^0ii,'5PI XHs Mm TaA^^^ SSSfS ?l£^ HB ^XHB! gSM 

ojAIW(in-situ)^ lym^ C-il °iOiAH. fe^^i Td 8 ^ ^01^ g§S Ta,0-^^^l B£ 01 

no\^m xiB tim s§ ^ Ta.oA^°i isafs ^iti ^xH£f g§g ejAiw^ mm^ qi 

S^OiAH. Xidl'^(l2) LHOilAH^I b^^^t: ?jlOiiH BSE ^§}S UEItH SSOIQ. 

sifAi3Pi ^it.^ Aiz! ^SM dH^api ^l6^al. ^^i:'! x\m mmx\\{H)9\ tbsOk^^^j ^^mj[ 

oiie MS 75or^ ^§8^o1 na^ ^xiai^iid. ^oi xidi^'(i2) lhoiiah ?iioiui°j 
^01 x^B &m gSAioii^ TaA^^^j ^Ssf ^£ oims ^xlmc^:?^ xhb m^o\ ssa ^oii^ 

^ ^^SOll mm ^^0\\X-\^ ^Oj XH£I^(12) LHOilAH ?II0|E-1^ &£EM <y^6MI ^§A|5i::>| ^lo^Oi 

&{75)ai ^OIM 5^^6^^ ^^S3f xHdl^'(l2) LH^I ^^^M S1IA|9I^ 0|sa^cK 

^01 ^ D\x\ ^^o\\ £|-5h ?^ioi]n^ ^£ :f\^^m ^\om, ^'d\ x-\t^ ^^^x^i(i4)^ s£ 

^ ^SSMI ^XIAI^i A^£Ho|jAH. A^;j £1^^ ^1(75)^1 ^01 ^ ^^:?| xHe.|^'(l2) LH01IAHH] S 

§fOi! [CFd^ ?JI0}UH£J S£ ^^^^ ^S6^SD. 3 ^^^^ £ 3 £ 4011 UEfUStQ. 

£ 3g dlH^ 2^ ^01 ^§f01l m&: ?-IIO|IiH°} S£ ^SFS UEIH! ndi^OID. £ 321 ^3IS ^! 
B\0\, xHai^(12) LH¥S 1 ^dlS^{mTorr)2] ^XlSfll. ^Oj X^%^ ^^^X^l(14)£l B£e 

750"CS ^Xim^AH. ^^91 aiHM 5!(75)M ^0| ^Eil 01 XI (31 ) S¥EH 0 m, 1 mm. 2 mm ^ 3 mm °} 

m ^^^A|5l Af£||01|AH aiHM e(75)o^ ?-IIOIiHS XIXI&^o^Mi, ^\\0\mD\ ^01 ^EI|0jXI(31)^¥ 

£4 A^pj :?-|^| oi^as^ am. 3 a:H2i ^'^s\ ^\om ssa ^§o^^□. £ 3si 

OlIAH^. S!(75)S1 ^0|:>F 1 mm ^Of^' ffH ?I|0|EH2| 5'C ^^OhXI^ 3^^^ U 

EfidP. 

£ 4^ xnai^ LH£i ^sfoii cchE ?-tioiin£j ^mm UEiyi nenHoia. ^ 4£i ^iiie ^:^i ^i 

mo^. i^^:?l Xm ^'^XWiU)^ 750'CS ^XIo^E^AH. ?il0|Il-i:'^ ^Ol ?-||0!uH X|XI3(31)I!f 

EilOllAi Xi£l^(12) Ui^J ^'^m 1-0 £M(Torr)¥£H 30.0 S^tj^xI ^sfAI?l2AH ?HOIIH£| S£M 

^smaa. SE 421 ^3fS¥Ei. x-iai^ lh2i °^2^oi ^om^^ ?iioie-i2j b^o^ ^o[x\^ ^ 

£ 3 £ 421 ^3^^¥EH. xH^l^' LHOIIAH X^m i=^^x^|21 ^SE^ ^§8^:H! ^XIAm ^^EHOIIAI, 

S12J ^oiM igm^ SE^ xnai^ ui2i 2i^m oigmoi x^^\u lhoiiai ^i 

0IIH2I B£M 5^1? 4^ aiQfe 3ie ^ejsfaa. 

£ 5a UiZI £ 5f^ ^ ^^S21 b^^^ie^ ^'AlOilOil CFE ^iEHAlEi Xll^ gfgM ^SSfl^l ^imoi S§ ^ 
/HOll £A|§[ eSSEMOIP. 

£ Sag i^^mS. «|SEXil :?IEK 100)^^011 OlIM £119 MBI^aie^^ OI^CHXI^ 5h¥ 2^(110) 

£ 5bM i^^S^S, ^^:P| S^(110)0i ^^IM^^OHAI Si S^e RINCRapid Thermal 

Nitridation)o^ 15 ^ 20A ^JHI^ ^mtm ^m^{\\2)m m^^U . 

£ 5c LHJI £ 5e^ TaA ^a^^(120a)g g^m^ ^S^::?! ^lt[ e2£M0|Ef. 

?xl|5io^ ^Saf^, £ 5c01IAH2f ^^01 ^ d! ^ ^sfe|(ii2) ^011 Ta^Os^^C 120) M ^^s^Q. 

D ^. £ 5d01l UEftii m2f ^01 OlIM O3 £^ UV-Oa^f £^ ^^P| (124)ah0ll /d Xi8 iJl^l^ 01 

y SSOll 2|of0i Ta205Q|(120)m TaA^ S£ 0|of21 &£S Oi^gmOj 

Ta205S|(120) Uj21 A^4l Sg^^^^Ml. Ta?052|(120)M WO^il^^a. ^^:?1 XHS Olfel g 

§^ 4=B£^AH xiif ^^^xiiM A^go^3 xhsi^ lhoiiai ^z\o\^q. 

01 ^imoi £ lOil £AIo^ b^£^ ^B ^blS Olgm^ ^ Oi:^!AH. X\^ ^^^x-lK 14)21 B 

£^ 1320521 B£ 01^^. OIIM MS rSO^C^ ^^EHOil/d £ 6a01l £Alt^ bhSf ^01 Z\ 
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ni(75)^ ±mO\X\{3))S.^E\ ±^ Ji^\{6) , 0\\m MS 2 mm ^^M^^A-\ ^^X\\ 

:^\^{\00)0\ ^BI0IXI(31)S^£^ 2 mm OI^^EJ ^^EHS dlH^ E!(75) ?iOil 2IO . 

n ^D}, oi^e ^^^\o\\ ^o\o^ ^^x\\ ::'ie(ioo)^ ^oi ^^^x^i(u)2j ^§ B 

^mx\ ^^^£1^ 501 ^JCiiaOI. ^^X\\ :?ie(100)£i lazOsSJ g§2f B£ Oio^ei 650"C 01 

m2i E£s ^xiAi^ ^ °iQ. 01 OH. ^^:'! £i(75)£i ^ois ^Mmcn :>i&(ioo)2j 

^5EM 5Jg5! 5^^^ 4- 2iQ- aiHH S(75)g ^^^AlEi ^^EllOllAH «|£x^l 100)21 B£ 

:?! m^l eiSalS ^Oll OaP X4£l^(12) LHOll g^SlO^ i^lf 01^ 

0\J\M. XH£1^(12)£I ^^E: 300 MM oimM ^XI6F^ m^^aiCK ^01 XiE <:l^l^ oiy s 

£ 5d2i x-iE oiy B.iiiai!AH, «i£xii :?ie(ioo)2i ££S ch^ s^^^^o^ s^^spi ^io^oi 

SIHM 5J(75)e £ 6a01l ^A\m b^2f ^^Oj ^^^AltJ ^^EH01IA4 ^H£l^'(12) LH21 ^^^S CH^ 

^^^^ ^►Se ^Mm^ ^\^o[Q. 

OICHAi. £ SeOil UBtli dfSf ^^01. XH£1^'(12) LHOIIAH Xi 2 ^^tf Q^y eiA|#M 

Ta..0,^^( 120)1 JaA^ 2£ 01^^21 ^7H£!6^01 Ta305^^(120)e SS1IAI34AH ^ 5t 

^ TaA ^2^^(120a)e ^ = C\ . 01 [LH . X-lf^ ^mx\\(U)2\ 0101 Ta^052| EE 01^^ 

2] EE. OllS MS 750"CM ^Xl£|01 S^^o^^ mji £|ne 51(75)^ ^ SbCHI EA|§f d^2^ ^^E ^1x1 

M ^:)\ ^^^x\\ 100)21 eem 1320521 ee oi&^om ^mm ^ s^a. 

caauH. XHE <:i^£^ oiy ggoi gstis ^^:'i £IHm s(75)e LHau-i fe^:Ji ioo)i»} 
:^aioixi(3i):?^ Sof^ii i^omm^ ^^exii :»iEmoo)2i ees ^^^i xim ^^^xik 14)21 e 

E2J 1820521 EE Ol^^oM e&lD. ^. E 5e2| HE ^x-ldl tMl^ E 6b01f EAI§^ bl2f ^^0| 

^oi &}Exii ::'i^Kioo)3f ^01 :^Eiioixi(3i):?F ahm S5i:q ^^ehoiiah mmQ . ^^x]\ 
100)21 13^052^ ^ssi EEx^ixi ^Ea^ m?} e^ ^ee! ^oii &}Ex^i ::>i^moo)^^ 

Oil ^^pi :?h>::(i26), mm 02, n^o. N2. Ar. He mm B^o\^k\ he mx-\^\ ^^m ty^i 

a. ^:f\ HE ^xHdl g§E 30S-5^. UF^^^oMl^ 2^ B9} ^s^D. 01 (Of. ^^Pt 

xHai^(i2) LH2J °|s^E 300MM oio^M ^xioh^ m^^mo. 

oi:?iAH. t^^:)! xiE oiy g§ ^ he ^xnai g^oiiAH &iexii :'!^Kioo)2j eem ch^ aHf 
5§m::>{ ^16^01. xiE oiy g§At2i 2.'^m ^':)\ he ^xnai g§Ai2j ^^i^sa ch 

^^z'l Ta205^^2i x^E oiy ^ HE ^ x^ £1 g§e 2jaiwm lyam ^it^ ^^s^MA^. e 

5d2j g§ ^ E 5e2| ^^Z)} xHai^'(12) LHO^|A^ 2JAI^M S^^^M ^Ol dlHM 

^{7S)m i! afi>^Ai5i^ olS6^xl a^H. xHai^'(i2) U121 °,'^m ^sai^i^ ^^m 

0\^m 4-E ?ic\. 

E 7E ^^^21 OlMSf^ ESOIQK E 7M g^ia^S. E 6b0il EA|§1 b\9\ 

«fEx11 :?lH.h(i00)Il^ ::;iEllO|Xl(31):?f AHM S6H2i^ ^^EHOllA-i. Xim ^^^Xl!(14)2J 

EE^ 7820521 ^§sl EE OI^^^M ^XlA19tH. XH£1^'(12) U121 ^'^m XHE B^ilOilAlfe 

3 MM OloL dl^^^6^:HI^ 2MM 0|S^21 XIII °^=^(P,)o^ ^XimSAH 9.^ ^^i::»l(124) o[0{\ 

M xiE t^m oiy ggg lya^H. xin 2I^(Pi) ^e xii2 e^^(P2)oiiAH e 5em s^^moi ^ 

^^^^ HE lxH£l gSS m^O. XII2 g^^(P2)E 5- 300MM2I g?l LHOllAi 

^§6^^ ^01 d^^^ma. oisf ^oi g^^2i ^sfs oigof^ ^^go^lA^^ xhe <ji[5f B:?iioiiA< ^Pi «^ 
Ex^i :?ie(ioo)oi :^Eiioixi(3i)2^ SoHaioiE M^ e^^(p,)5iM b^?ii ei^oii 2ia^o4 
:>! e^EJii :?ie^(ioo)2i ee^ 1320521 ggs^ ee oishM ^xi^ 4^ aia. 

Ta205 ^2a[(120a)01 ^0^51 ^. 3 ^011 E 5fOII EAle^ d^•2^ ^^01 2^(130)^ m^mO\ ^ 

E 8E H S^SOil ^^^011 21oh01 31iIHAlE121 S:71^ m^m eeH21 ^^gOil 21ofOt Xll^Q 

^\mME^2k diBohw ^:i^§[ hehhoid. sp ^ssm. e ^^@oii ^hidiaiei xii^ ^ 

soil E&aF EIHM E!21 ^OlM 51oh^ ^^SS^M TaAStOll □8^01 XiE 01^ ^SOll 21^^ ^Oil! 

^' HE ^XH£| g^Oll 21tf ^^mm S¥(A)2f. ^^^OIIAHSf ^Ol lagOs^^e X^E 01 

yijoF s ji-iu^ ^EH2i UB §diM ol§o^o^ Eejoi 02 oiy ^^^^m he mx^^\ g§s 
^^(□)s d!jn&^ ^o\o. 

OiPIAH. ^ ^^gOII 0}^ ^^a2i S^(a), Xii^ ^^^X1I21 EE^ 750^^ ^X|A|3ISA1. BIHM ff^ 
E1I0|X|M¥EH 2 mm ^^^Al^i ^^EHOIIAH UV-O3 Oiy^ 2^2} ^If^^AI TazOs^^e X^E Oiy^aiOl 

woinmH. 0101AH diHM a^i^Ai^AH ?iioiiti2i' ^E1I0IX|:?^ saH2i^ ^EXimM m^:>\ ^\ 

d^^A-\ O2M Algmol HE ^xH£| 2^^^ ^a^OI laA^^e ^SsfAI^D. 

H £ 80IIAH ^ej^^ ^ d^2^ ^01. e ^^soii mm ^^9.^ xk^s ^hhaieiohah^, ofU2i 
x^^\^ L4I011A1 E+^§f s§°M Ta^s^m mum se Aizf uioii ^o\^ s sssfAiii 4=^ sAeoiiE m 

^o^H. ^21121 g^SOll 21of« ^015! 3i HH Al EH Oil /d 2f 4-^21 S# ^^0| ^Ol^^Cf. 
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^'&9J MM 

TaaOs^ ^gt^::?! :2gAm ^^BiOilAH. Ta205^'§ Ta.Os^ 1 § St OlStOIIAH Oi 

^AH xi^ 6^51 oiy g§e nficf. Ta?OsSi°i isshoi! lie ^x-idi 5§B ei^M t\^k\ 

94 ?i!0IU-]2f ^EllOIXPt SaHSi^ ^^EHOilAH t^im 0\U ^§31 ejAl#^ ^l^ilQ. 

^ ^^SOil COe ^ilHAlEi ^^SOII Sims. Xit^ ^^^1^121 scg TbsOs^I ^Stf ^£ Oi^^^^ 

E.^ ^^EHCHIAH B-i^e nioj ^qIS 3Sl5t:7iU xi ai ^ LH2J ^^^M ^^S^^ ?-llOIIH^ ^£_S tiJ 

^6t:HI ^SAI^ ^ °[U. 132055121 Xis CHy a. ^^oj _q ^ ^ ^.j e,} ^^§1 

xnai^ LHoiiAH ojAiw^ Eitya^o^. o\^mh\ mo.^ efse n-iur^: seh^i ^£2j sdis Atg^^ 

^e:>t 2iocM. (iidiAH SAieie Eaioi o^ oiy ^se ^^^^^ ^ 2>1Q. caaKM. g ^^SOII CCf^ 

3, 9iEHA|EH2j ggOl B^StJIi S :a . Ta:0, ^^"^ gSWIAH ^fe^(thermal 

budget)^ ^X\o\y\ ^ Si^ 2iD. CCf^M. ±^^0\ ^ ^^Se 

H. ^ ^'S2! :?|^^ Af^^HI LHOilAH ^0^0^|A^ g^^2j XI ^ g :>t5i Xmi 216^01 Oiai:)FXI 

0! :)t^SKK 

^^i>^ 1 

^^£xii Pi&^^oii g^mfe B:^l2^. 

^Ol 18205 S^m^ B?)l2f. 

^^soii xHxi^^ ^ °i:n xhi^ ^^^jyioii 2imoi s£ s^sife r^^eiioixis ^bl§^ x^ 

ai^ LHOIIAH fe^:?} TaaOs^^M 2^ ^^:)|6K)HAH TasOsSI ^ § ESE 0|8f2| OiyiimOl ^^:»l 

xHai^ LHOilAH Oiy^ B:>ll2f 2>A|WS Ta^Os^^e Ta20s2| ^£ 01^^21 « 

xnaisfoi tbzOs^^m ^sstst^ ^y\m ^s^^ sh^ :i:Xh2i 9iiiHAiE4 xiis 

2 

01^^21 ^xiot^ >!S ^s^s £i£x^i riixi2j 3mMei x-iis ^^a. 

§^i>^ 3 
XII2^^0ll SiOI/H. 

^Ol X-iai^OII^ r^EIIOIXI ^OIIAH £^ 6li>^g^£AM SfSX^I PlShSI ^^:^l >tEII0|X|2f£| 

Ahoi2i >iaiM ^ aiH^ &oi ^xigoi sin, 

^oi ^011! Ef:»iife ^^£x^l d\bo\ :^EllOlXl^^E^ ±^ :Hai oi^ss^ aiHM nioi 

&^:)i ^a!oixiS¥E^ ^01 ^^ehoiiah smu. 

^^:?i ^Ssf ^^£x^l :'ieoi ^^:)| ^Eiioixisf sms^ ai^^ ^oi ^oi ^eiioixi ^ 

^ M#aXI ^^EHOIIAH tsa^^ 5js ^S^S ^X^2J 31IIHAIEi XII3£ ^^s. 

4 

XllSiJOII SiOiAi. feOI ^0\^ % ^SSF B)1I0II>M XHtr ^^^x||21 750-C^ ^SQ^ 5^ 

5 

^131^011 2^01 AH. ife>^:»l ^0\^ B^l ^ B>ll^ 300 £^ Ol5f£l g^^SKMIAI ^8^^ 3tm ^S^S 

6^^ «}£X|| :4^X^2J ^SHAlEi Xlli 

g^tr 6 

xii3E^ LHxi Mbmm §i i>^oii 2ioiAH, ^^:>i ^01 i) B)ii^ ^§2^ &:)iioiiAHsa ch 

5K)IIA| ^S^^ ifciX^Sl 9HnHA|£H XII2E ^^S. 

^^^^ 7 

xii3i^ uixi m^m oi!:r s.^ t»^oii sioiai. ^o\^ &:)ii^ ^^tf ei^8^oiiai i«m 

^ ^S^S 3Jb ySJili 4:X^£i ^HHAlEi Xll^ gfS. 
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^=?m 8 

mzmm 2io^A^. ^o\^ 03 uv-03 ^?^:'imoiiAH ^s^^ a^^ ^^Ex^l ± 

X\2\ Bmh\E{ IMS: 

9 

msmow °iOiAH. ^01 M^m 0,. n,o. N2. Ar He2i ^^PiamiAH lym^ ^s^^ m 
^^i^ 10 

XilSE^OIl ^01 AH, ^(M^' B^IOilAH^ ^£^11 650'C OI6f^ ^X!£l£^ mi^l ?l 

6104 ^EiioiAi diH^ ^o\m ^mo\^ m^9.^ ai^ ^^x\\ ±x\ 

ME^ XWS 
^=?m 12 

wi3i^oii siCH.M. B^i^ 30^ - 5^ m9} mm^ ^s^^ gi-^ :i^x^°l dm 

13 

Xi!2i>^01l 9iO\A^. 

^CHij ^ ^ssj ^^^^ ^oi «^£x^l ::»i^?oi ^oi r^iEiioiiisi ^mji ^^ehchiah ly 

am, 

^oi ^oig &^::»t B:^iioiiAHeQ ch ^^^oiiah isa^^ m^9.^ a^^ ^^sx^i 

14 

&=?m 15 

xiii3i,^oii °iCHAH. ^oin ^ ezJii^ 300 £^ ol6^^ g^^aKMiAH ^sf^ 

4iXt2j 9iuHA|E-l XIIS ^^S. 

^^i>^ 16 

xiiisir Luxi Mwsmm ^ mm ^o\m, ^':>\ ^o^tj 3 oimsi e^^sk^iah ^a^^ 

xiii3ij LHxi xiii5i>^e 0]!=, m mm 2^01 ai. m^m 5-300 s^oj oh^g^oiiAi mm^ ^ 
m m^^^ a^^ &^£x^l ^iXfsi ^ihaie^ ms ^m. 

18 

XII13t>^01l 2i01AH. mOim O3 UV-O3 ^^lI'iahOilAH ^S^^ &}SEx^| ^ 

X^2i 9iiIHAIEi Xlii ^S. 

g^i,^ 19 

xiii3i>^oii 2ioiA-i. ^ssi 02. N20. N2. Ar He2j ^^:^imoiiAH ^s^^ m 

4:X^2^ ^iuHAIE-l X-ll^ g>^g. 

20 

xiii3i>^oii 9io\M. ^o\^ ^^\\o\\M^ 650tc oia^s ^xi£i£^ ?i 

moi xHdi^ LH2i o^^s ^^m^ 3je ^s^^ h[£x-ii 4iXf2i ^inHAiE-i xiis g^g. 

s^i>^ 21 

Xill31^01l ^0\M\, ^0\^ 30S-5^ B^l ^5fe 51^ ^SH^ 5^^ Siixll rliXf^ 31flHAI 

El mzs ^^S. 

s^sr 22 

XII13&0II siDiAH, ^mm B?ti^ 30^-5^ ^e.^ ^s^^ ysxii 4rXf£i 912hai 
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